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(57) Achipcarrier mounting device 
includes a retaining member 22 having a 
predefined pattern of apertures 26 in 
which are positioned preforms of 
joint-forming material 28 such as solder. 
The preform retains its general 
configuration afterthe interconnection 
or soldering process to form a resilient 
joint which is more capable of 
withstanding stress, strain and fatigue. 
The joint-forming material may be a 
filled solder composition or a supported 
solder which substantially maintain 
their physical shape when the solder is 
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SPECIFICATION 

Elements and devices for assembly of electronic 
components 

5 

This invention relates to electrical interconnections, 
and to methods, devices and materials for forming 
such interconnections. More particularly, the inven- 
tion is directed to methods, devices and materials for 

10 attaching electronic components, especially chips or 
chip carrier packages, to each other or to supporting 
substrates, such as circuit boards. 

The microelectronics industry is steadily moving 
toward the use of large chips and chip carrier pack- 

1 5 ages (CCP) which have connection pads on the faces 
and/or edges. These are generally used where there 
are limitations with the use of dual inline packages 
(DIP). The number of connections on the most 
popular packages can range from 64 to 1 56. Chip 

20 carrier packages can be produced with leads 
attached (leaded) or they can be leadless. 

Leaded CCPs can be soldered directly onto printed 
circuit boards (PCB) or printed wire boards (PWB). 
Leadless CCPs can be soldered onto ceramic boards 

25 or installed into connectors. However, with glass/ 
epoxy printed circuit boards or printed wire boards, 
leadless CCPs are usually mounted into connectors 
which are in turn mounted on the PCBs because of 
the effect of the different thermal expansion coeffic- 

30 tents of the materials involved when subjected to 
temperature fluctuations. These connectors are 
complex to manufacture and costly to use. As used 
herein "electrically conductive elements" is intended 
to include CCP, PCB, PWB and other electronic or 

35 electrical components. 

Asthe CCP technology improves and their reli- 
ability increases, more emphasis is directed to 
soldering these packages directly onto the PCBs to 
make more use of the board space, and dispensing 

40 with the connectors even though the use of connec- 
tors permits replacement of faulty CCPs. The cost of 
conventional connectors relative to the cost of the 
CCPs can be disproportionately high. This is a strong 
incentive to use CCPs without connectors. 

45 However, the direct soldering of CCPs on PCBs 
without the use of connectors is associated with a 
number of problems. (1 ) The variation of the surface 
flatness and non-parallel contours between the CCP 
and the boards produces varying solder joint heights 

50 (2) The solder will have a tendency to wick out of the 
joint area into crevices or castellations in the CCP, 
thus "starving" the joint area. (3) Gold alloying with 
the solder wil I produce embrrttlement of the 
"starved" joint (4) Differential thermal expansion 

55 between the CCP and the board will fracture a thin 
solder joint due to the high shear strains in the joint 
(5) Bridging between joints may occur if excess sol- 
der is present or if the distance between the joints is 
small. (6) Solder location tolerances are small and 

60 getting smaller yet with increasing packaging 

density, with atypical connection pad having a width 
of 0.012 inches and a 0.022-inch center-to-center 
spacing. (7) Flux removal from the space between the 
CCP and the PCB and subsequent inspection thereof. 

65 (8) The solder pastes used to attain the CCP will pro- 



duce loose solder balls which cause electrical 
problems. 

D'rfferentsolutions have been proposed for the 
foregoing problems. The proper positioning of a 

70 predetermined quantity of solder may be achieved 
with the use of solder preforms spaced on a carrier or 
template in the locations corresponding to the points 
where the solder joints are to be formed. Examples of 
this technique may be found in U.S. Patents 

75 3,320,658, issued to Bolda et al; 3,396,894, issued to 
Ellis; 3,472,365, issued to Tiedema; 3,71 9,981 , issued 
to Stertz; 3,744,129, issued to Dewey; 4,209,893, 
issued to Dyce et at; and 4,21 6,350, issued to Reid. 
Other examples of solder packs and solder 

80 preforms are in U.S. Patent Nos. 3,040,1 1 9 to 
Granzow; 3,535,769 to Goldschmid; 3,750,265 to 
Cushman; 4,099,61 5 to Lemke etal. and 4,1 42,286 to 
Knuth et at U.S. Patent No. 3,982,320 to Buchoff et al. 
discloses electrically conductive connectors constr- 

85 ucted from non-conductive and conductive elasto- 
mers. 

Although the foregoing techniques provide for the 
correct placement of a predetermined quantity of sol- 
der or othersuitable joint-forming material, and with 
90 the proper dimensioning of the carrier or tern plate, 
sufficiently small quantities of solder can be positi- 
oned on close spacing between centers, these propo- 
sals do not address the problem of high shear strains 
in the solder joints. 
95 As noted above, among the factors considered in 
forming acceptable electrical connections between 
the CCP and the PCB is that the connections must be 
able to withstand stresses developed due to the 
effect of temperature fluctuations and the differences 

100 in thermal expansion coefficients between the 

material of the CCP and the substrate or circuit board 
on which it is mounted. Thus, a CCP may be made of 
a ceramic material and the circuit board may be 
made of an e poxy-glass composition, and when 

1 05 subjected to elevated tern peratu res these el ements 
will expand at different rates, inducing stresses in the 
connections. 

Even if the materials used in the CCP and the circuit 
board have thermal expansion coefficients which are 

110 close in value to minimize the differential expansion 
effects, heating/cooling cycles which result when 
power is applied across thaCCP induce a tempera- 
ture differential between the CCP and the PCB to pro- 
duce stresses in the joints. 

115 It is well known, and as summarized below, that if 
the solder joint is formed intoa "long" column confi- 
guration in which the height of the column is much 
greater than the diameter or transverse dimension of 
the joint less stress is induced in the joint and conse- 

120 quently the joint has greater reliability and longer 
life. 

In the patent to Krall, U.S. No. 3,921 ,285, a method 
is described for joining microminiature components 
to a carrying structure in which the height of the 
125 electrical connections may be adjusted during 
original joining of the component to the carrying 
structure or in a two-step solder reflow process. 

In U.S. Patent No. 4,41 2,642 to Fisher leadless chip 
carriers are converted to "cast-leaded chip carriers" 
130 by molding high melting point leads to the chip" 



2 



GB 2 177 643 A 



2 



carrier. Additional examples of methods and devices 
for interconnecting chip carriers and boards are 
shown in U.S. Patent Nos. 3,374,481 to Lines etal., 
3,680,1 98 to Wood, 3,81 1 ,1 86 to Larnerd et al. and 
5 4,179,802 to Joshi et a!. Other methods of attaching 
electronic components, include the pin solder termi- 
nals of U.S. Patent No. 3,750,252 to Landman and the 
collapsed springs of U.S. Patent No. 3,61 6,532 to 
Beck. Other examples of soldering chip carriers to 

1 0 boards include U.S. Patent Nos. 3,392,442 to Napier 
etal.,3,401,126to Miller etal., 3,429,040 to Miller 
3,355,078 to Smith, 3,859,723 to Homer et al. and 
3,61 4,832 to Chance et al. 
The above disclosures address the problem of 

15 connections which must be ableto withstand the 
stresses from thermal cycles, none disclose a satisf- 
actory solution which both solves the problem and is 
suitable for reliable manufacturing processes. 
In the above disclosures the solder used is conven- 

20 tional solder which readily flows when molten. The 
flow is usually of a capil I ary nature when the solder is 
on a wettable surface, such as a pre-tinned contact 
lead. Such conventional solder has a high surface 
tension tending to make the molten solderf orm balls 

25 when on a non-wettable surface or when positioned 
on a small area of wettable surface, such as an electri- 
cal contact pad, and surrounded by a non-wettable 
surface, such as epoxy board or ceramic substrate. 
When the mass of the solder is too great for the avail- 

30 ablewettablesurface,thesolderwillflowacrossthe 
non-wettable surfaces and may bridge nearby electr- 
ical contacts. 

Solder has been used in various forms and compo- 
sitions for a variety of purposes as illustrated in U.S. 

35 PatentNos.1,281,126tqBevan,1,291,878toHess, 
1,564,335 to Feldkamp, 2,431,61 1 to Durst, 3,163,500 
to Konrad et al., 3,467,765 to Croft, 3,605,902 and 
3,638,734 to Ault, 3,900,153 to Beerwerth etal., and 
4,290,195 to Rippere. 

40 It is a primary object of the present invention to 
provide a device and a method forthe precise place- 
ment of a predetermined quantity of material forthe 
formation of a solder-type connection between elect- 
rically-conductive elements. 

45 Anotherobjectof the invention isto providea 
connection-forming material which will sufficiently 
retain its shape at melting temperatures to form 
structural and electrical connection between electric- 
ally conductive elements. 
50 Another object of the invention isto provide an 
apparatus and a method of the foregoing type forthe 
placement of a connection-forming material having a 
predetermined configuration. 
Another object of the invention isto provide an 
55 apparatus and a method of the foregoing type forthe 
placement of a connection-forming material preform 
having a height dimension greaterthan its transv- 
erse dimension. 
Yet another object of the invention isto provide an 
60 apparatus and a method of the foregoing type forthe 
formation of solder-type connections which are resil- 
ient and better able to withstand fatigue or repetitive 
thermal cycling. 
Still another object of the invention isto provide an 
65 apparatus and a method of the foregoing type forthe 



simultaneous formation of a plurality of resilient sol- 
der-type connections between a plurality of parallel- 
disposed electrically-conductive elements. 
Afurther object of the invention is to provide an 
70 apparatus and a method to attach an electronic 
component to a circuit board. 

Yet a further object of the invention is to accurately 
align the CCP with the PWB. 
A specific object of the present invention isto 
75 provide apparatus, materials and methods to attach 
an electronic component to a circuit board with resil- 
ient solder joints which are better able to withstand 
thermal cycling/fatigue stresses, to accommodate 
dimensional irregularities in the components, the 
80 circuit board and the conductive elements thereon 
and to enable high speed, high reliability manufac- 
ture of electronics component - circuit board devices. 

The foregoing and other objects are achieved by 
one aspect of this invention wherein the interconnec- 
85 tion preform placement device of the present inven- 
tion which includes a retaining member having a 
predefined pattern of holes or appertures in which 
are positioned preforms of joint-forming material, 
such as solder. Each preform is of a predetermined 
90 configuration and usually has a height greater than 
its cross-sectional dimension. The preform substan- 
tially retains its configuration afterthe interconnec- 
tion or soldering process to form a resilient joint 
which is more capable of withstanding stress, strain 
95 and fatigue. 

The method of this invention comprises: 
positioning a first electrical conductive element in 
alignment with one side of a retaining member hav- 
ing apertures spaced to correspond to the preset ec- 
1 00 ted points on the electrically conductive elements 
and having disposed in said aperture preforms of 
electrically conductive joint-forming material; 

effecting a bond between one end of the preforms 
and the presented points on the first electrically 
105 conductive element; 

positioning a second electrically conductive ele- 
ment with the opposite side of the retaining member; 
and 

effecting a bond between the other end of the 

110 preforms and the preselected points on the second 
electrically conductive element 

The above bonds between the ends of the 
preforms and the electrically conductive element can 
be effected simultaneously. The method of this 

115 invention can also be performed by placing the inter- 
connection preform placement device i.e., the retain- 
ing member having preforms therin, between 
parallel patterns of electrically-conductive elements, 
such as the conductive pads on an electronic compo- 

1 20 nent and those on a circuit board, and effecting the 
bonding and interconnection of both of the conduct- 
ive elements with the preforms simultaneously. The 
retaining member may be left in the assembled 
mounting, or it may be designed to be removed after- 

125 wards. The retaining member may be left in the 
assembled mounting to perform a structural, 
thermal, environmental and/or electrical function. 

Thejointforming material may be a filled solder 
composition orasupported solder, which will retain 

130 its shape upon the solder melting or reflowing.~As 



used herein the term "filled solder" means a solder 
material which contains a filler which prevents a 
shape of the filled solderf rom changing substantially 
in dimensions when the temperature of a preformed 
5 shape of the filled solder is raised to or above the 
melting point of the solder. Thefiller comprises 
discrete particles or filaments which are solid at 
temperatures at which the solder is molten. Thefiller 
is present in an amount sufficient to substantially 

10 maintain the preformed shape of the filled solder 
when the solder is molten. Thefiller may be particu- 
late powder or filaments such as discreet lengths of 
wire or may be a mesh or "wool " of continuous or 
intermixed filaments. Preferably the filler is electric- 

15 ally conductive and most preferably is a metal. The 
amount of filler present is that which is sufficient to 
maintain the preformed shape of the tilted solder, 
such as a column, when the solder is melted or 
reflowed. The amount is generally from about 20% 

20 by weight to about 80% by weight based on the total 
weight ofthe solder-filled mixture, preferably from 
about 25% to about 70%, more preferably from about 
30% to about 60%, and most preferably from about 
35% to about 40%. 

25 As used herein the term "supported solder" means 
a solder preform shape which is supported by a sup- 
port strand or tape which is disposed about the out- 
side ofthe solder preform shape. The support strand 
ortape must be solid at temperatures at which the 

30 solder is molten and is disposed about the outside of 
the preform shape in a pattern whereby the shape of 
the solder is substantially maintained through the 
surface tension ofthe solder when the solder is 
molten. The pattern in which the support strand or 

35 tape is disposed and the spacing, angles, etc. ofthe 
pattern will depend on the cross-sectional dimension 
ofthe solder preform shape, on the height ofthe pre- 
form shape and on the solder composition due to its 
apparent su rf ace tension relative to the su pport 

40 strand ortape material. The pattern may be a spiral 
wrap of tape or wire, a braid of wire or the like, 
wherein the spacing, for example between the spiral 
wraps will be governed by the above factors. In 
general, the supported solder shape will be a column 

45 type shape suitable for connecting electrically 
conductive elements. 

As used herein the term "column" means a shape 
which can form a connection between electrically 
conductive elements. In general the shape will be 

50 cylindrical wherethe length or height ofthe column 
is greater than its cross-section dimension because 
this configuration provides ease of manufacture and 
interconnect flexibility forthermal expansion ofthe 
electrically conductive elements. The column may be 

55 straight curved, S-shaped, C-shaped, spiraled, etc. 
The term "column" is also used herein to include 
shapes wherein thelength or height is less thanthe 
cross-sectional dimension and any cross-section 
shape suitablefor connecting electrically conductive 

60 elements wherethe distance between the elements 
is greater than the distance used for conventional 
capilary flow soldering. The "column" need not be of 
uniform cross-section dimension, but may vary for 
flexibility or other reasons, e.g. an hour-glass shape. 
65 As used herein the term "solder" means any 
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conventional or specifically formulated material for 
forming connection between elements by melting 
and freezing. Solders are well known as exemplified 
by the Kirk-Othmer Encyclopedia of Chemical Tech- 

70 nology, 3rd Edition (1983), Vol. 21, pages 342-355. 
As used herein, the term "apertures" means holes 
in orthrough the retaining member. Usually the 
holes will extend through the retaining member so 
that the preform of joint-forming material may be 

75 placed therein and be exposed at both ends or have 
both ends extending from the retaining memberto 
form a connection with an electrically conductive ele- 
ment. However, the apertures may be holes in the 
side or edge ofthe retaining member which receive a 

80 portion ofthe preform and hold the preform for 
proper positioning to form an electrical interconnect 
These various configurations are illustrated herein. 

Various embodiments ofthe present invention will 
now be described byway of example with reference 

85 to the accompanying drawings in which: 

Figure 7, labeled Prior Art, represents, on an enlar- 
ged scale, a solder joint between a chip device and a 
circuit board formed in accordance with existing 
techniques; 

90 Figure 2\s a showing similarto Figure 1, illustrat- 
ing a joint formed with the column-type connection; 

Figure 3A\$ a representation ofthe column of 
Figure 2 as a canti levered beam fixed at one end and 
showing the force acting on it for the purpose of 

95 considering the resultant displacement and stresses; 
Figure 3B\$ a representation of the column of 
Figure 2 as a beam fixed at one end and guided at the 
otherand deformed as a result of the relative move- 
ment of its ends; 

100 Figure4\sa perspective view of oneembodiment 
ofthe preform placement device ofthe present 
invention showing a plurality of column-type solder * 
preforms mounted in a retaining member in the form 
of a perimeter type carrier element; 

105 Figure 5\s an elevational view showing one ofthe 
column preforms illustrated in Rgure4; 

Figure 6 \s a cross-sectional view along line 6-6 in 
Figure 5 showing a column preform containing a fil- 
ler to maintain its column-type shape; 

110 Figure 7is an elevational cross-section showing 
the preform placement device of Figure 4 positioned 
between two structures to be joined, prior to the 
soldering of the connections; 
Figure 8\s a showing as in Figure 7, after the solder 

115 connections have been formed and the retaining 
member of the preform placement device has been 
removed; 

Figure Sshows another embodiment ofthe 
present invention; 
120 Figure 70isan elevational view, in section, show- 
ing the placement device of Figure 9 in position after 
the solder joints have been formed ; 

Figure 7 7A-Cshows alternative configurations of 
the solder preform useable in connection with the 
125 presentinvention; 

Figures 12 and 73 show additional configurations 
forthe solder preforms as well as alternative 
aperture configurations in the retaining member; 
and 

130 Figures 74A-Dshow embodiment of supported 
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solder columns of this invention wherein Figure 14C 
shows column after the solder joints have been 
formed and the retaining member removed. 
In the description herein, the solder joining of a 
5 chip carrier package, which is referred to hereafter as 
a "chip device" or a "chip carrier", and a circuit board 
is used as an illustrative application of the present 
invention. The joining of other electronic compon- 
ents is also comprehended, and the invention may be 

10 employed whereverand whenever a solder connec- 
tion of increased reliability and longer life is desired. 

Referring to the drawing, and more particularly to 
Figure 1 , a joint or connection made in accordance 
with tech niques known in the prior art is shown 

1 5 formed between a chip device 10 and a circuit board 
12. The chip device 10 has a plurality of electrical 
contacts which may be disposed along its edge. Only 
one contact area is shown for the sake of simplicity. 
The circuit board 12 has a plurality of complementary 

20 contact areas on its surface (only one shownJ.The 
circuit board 1 2 may be a printed circuit board {PCB) 
or a printed wire board (PWB), and may be referred to 
hereinafter simply as a "board" or "circit board". In a 
known fashion, the chip device will be disposed 

25 above the surface of the circuit board such that the 
contact areas are vertically aligned and mechanically 
and/or electrically joined, such as with a solder 
connection. In the illustration of Figure 1, the 
opposed, facing surface of the chip device 1 0 and the 

30 circuit board 12 is provided with a layer 14 of condu- 
ctive material, such as copper, and these layers are 
interconnected with a suitable solder composition 
16, which may be of known tin-lead alloy. 
As noted above, a solder connection such as 

35 shown in Figure 1 is subjected to stresses induced by 
thermal and mechanical forces, these stresses are 
the result of strains produced by mechanical deform- 
ation, differences in temperature between the chip 
device and the printed circuit board and/or differe- 

40 ncesinthethermalcoefficientsof expansion 
between the chip device and the PCB. For example, 
thermal stresses may resultfrom power cycling even 
when the materials of the chip device and circuit 
board do not exhibit any differences in the coefficient 

45 of thermal expansion, but because of the power app- 
lied to the chip device, a temperature differential 
exists between the chip device and the circuit board. 

It can be seen that as the connection is subjected to 
repeated heating and cooling cycles, it will ultimately 

50 fail due to fatigue, and the connection will fail earl ier 
if the stresses induced therein are high. Therefore, to 
prolong the life of the joint and to increase its reli- 
ability, the resultant stresses therein should be redu- 
ced. In order to determine how the stresses can be 
55 reduced, the factors governing the creation of the 
stresses in the joint should be considered. 

In Rgure 2 a column type connection 1 8 is illustra- 
ted and Rgure 3A and 3B illustrate the relationship 
between the deflection Ffor a given column of height 
60 HanddiameterDforagivenforcesF.Aswiilbe 
apparent, the column type connection will have a 
longer life due to better withstanding of stresses. The 
selection of height and diameterwill be determined 
by a number of factors of size and materials. A 
65 detailed finite element analysis of similar jointstruc- 



tures was presented by E. A. Wilson, Honeywell, 
Phonix, Arizona, and E. P. Anderson, Honeywell, 
Bloomington, Minnesota, in their paper entitled "An 
Analytical Investigation into Geometric Influence on 
70 Integrated Circuit Bumps Strain," which was presen- 
ted at the 33rd Electronic Components Conference, 
May 1 6-1 8, 1 983, in Orlando, Florida (Proceedings 
page 320-327), incorporated by reference herein. 
This analysis confirms the advantages of columnar 
75 structures. 

It is understood that by reducing the peak stresses 
as described above in a repetitive loading situation, 
the number of cycles required to produce failure is 
greatly increased. 
80 From the foregoing evaluations, it can be seen that 
the life of the solder joints can be increased substan- 
tially by a relatively small increase in solder joint 
height Likewise, a reduction in solder joint diameter 
will extend the life of the solder joints. Aconcomi- 
85 ttant advantage in using joints of increased height 
and/or reduced diameter is the opportunity for 
increased packing density. The foregoing evaluat- 
ions are helpful in predicting the general properties 
and performance to be expected from the devices 
90 and methods of this invention. However, it is also 
helpful to verify performance properties by empirical 
testing of the devices of this invention. 

The foregoing advantages of reduced stresses and 
extended life in the solder joints and the opportunity 
95 for increased packing density are incorporated in the 
present invention which provides a device for the 
precise positioning of solder preform of slender 
cylindrical shapes at predefined locations. In the 
embodiment of the invention illustrated in Figure 4, 
100 the interconnection preform placement device 20 
includes a retaining member 22 of 1 electrically noncb- 
nductive material having a configuration and size 
substantially the same as the chip carrierforwhich 
the preform placement device is used in mounting 
1 05 the chip carrier on a suitable substrate, such as a 

circuit board. The holder 22 has a central cut-out 24 to 
form a perimeter or bordering portion in which are 
spaced at predetermined locations a plurality of 
holes 26 which receive preforms 28 of solder in the 
110 shape of slender cylind rical columns, such as shown 
in Figure 5. The retaining member may also herein be 
referred to as a "holder". 

The location and positioning of the holes 26 on the 
retaining member 22 are determined by the spacing 
115 of the conductive contacts disposed on the edge of 
the chipcarrierto be mounted. Generally, the height 
of each solder preform 28 will be somewhat taller 
than the thickness of the retaining member 22 such 
that the upper and lower edge portions of each sol- 
120 der preform 28 will extend avove the corresponding 
surfaces of the retaining member, and in use these 
exposed surfaces will make physical contact with the 
corresponding conduit pads on the chip carrier and 
on the circuit board. 
125 While notspecifically shown in Figure4,the pre- 
form placement device is provided with appropriate 
means for properly locating and orienting the retain- 
ing member22 with respect to the chip carrier and 
the circuit board so that the conductive pads on the 
1 30 chip carrier, the conductive pads on the circuit Board 
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and the column solder preforms are properly 
aligned. Such locating means are known, and may 
include a chamfered corner which mates with a simil- 
arly-configured surface on the chip carrier. One or 

5 more of the corners may have an indexing notch. 
Additionally, alignment pins may be provided on the 
bottom surface of the retaining member 22, or holes 
to accept pins which register with positioning holes 
provided on the circuit board. A combination of such 

10 positioning techniques may be incorporated into the 
holder22. 

It is possi bl e to va ry the com position of the solder 
material such that the solder preform will give or 
compress underthe weight of the chip carrierto be 

1 5 mounted. This compressibility of the solder preform 
is important because the chip carrier and the circuit 
board are ty pica lly not tru ly flat so that th e lengths of 
the solder columns must change during the solder- 
ing process to accommodate these irregularities. 

20 The retaining member 22 may be made from any 
suitable material, and preferably is of an electrically- 
nonconductive material. The material may be a 
single sheet or layer of desired thickness, or may be a 
laminate of a plurality of thin sheets or layers of suit- 

25 able material or may be a plurality of elements which 
form a sheet-like structure. Such material would 
include, but is not limited to, glass matt and high- 
temperature polymeric materials such as Uhem 
(Ultem is a trademark of General Electric Company.). 

30 The material of the retaining member 22 should be 
sufficiently rigid and temperature-resistant to 
maintain the solder preform's position during the 
soldering process. 
Preferably there are two categories of retaining 

35 members, those that are removable and those that 
become a permanent part of the interconnection. The 
removable type co bid be dissolvable, frangible, 
segmented, or deformable without harming the 
preforms. The permanent or nonremovable type can 

40 be passive or can perform electrical, mechanical and/ 
or thermal functions. The removable type can there- 
fore be destroyed by dissolving or breaking apart 
The glass matt embodiment can be physically pulled 
away in whole or piece by piece. The Ultem material 

45 can be dissolved by well-known chemical means 
without harming the preform or electrically conduct- 
ive elements. 

It is within the scope of the invention to make a 
segmented retaining member that can be stripped 

50 away after interconnection. The retaining member 22 
in Figure 4 can be provided with lines of weakness or 
cuts as shown at 29 in phantom line. In this way, the 
retaining member 22 may be removed in one or more 
pieces and directions. The retaining member may 

55 also originally be made from individual elements as 
will be discussed later. 

Thus it can be seen thatthe removable retaining 
member may also be conductive such as an alumi- 
nium foil in order to maintain the position of the 

60 preforms during interconnection. It is important that 
such a retaining member not bond to the preforms 
during the process. 

Finally, the retaining member can be made from a 
thin sheet of solder material which could melt and 

65 flow into the solder-like preforms during the solder- 



ing process. 

The retaining member which remains in place 
should be generally nonconductive and relatively 
flexible so that it does not interfere with the motion of 

70 the preform columns. Additionally, it may provide an 
impedence-matched interconnection if it is a 
combination of conductive and dielectric materials 
so that it provides a transmission line or microstrip 
effect, or a coaxial type shield a round the preforms. 

75 Inanotherembodimentthe retaining member 
could be made from a nonconductive material 
which, however, becomes conductive when a 
specific voltage threshold is exceeded, this threshold 
being just above the normal operating voltage of the 

80 circuit Thistype of retaining memberwould provide 
protection to the chip device by shorting out any 
potentially damaging transient overvoltages which 
may result from electrostatic discharge or other 
electrical faults. 

85 In some applications, it may be desirable to. make 
the retaining member from a material which exhibits 
heat-recovery. This type of retaining member could 
be reinforced with a glass fiber or the like to control 
its coefficient of thermal expansion, but locally the 

90 holes which are provided for retaining the solder-like 
columns could be fabricated so as to contract in dia- 
meter during soldering and thereby extrude the sol- 
der column up to meet the CCP and PWB. 
Although the retaining member has been shown to 

95 position only interconnection preforms in Bgures4 
and 7-1 0, it is understood that other elements could 
also be positioned by the retaining member and 
attached to the chip device and board. A heat-sink 
device could be carried in the central opening of the 

1 00 retaining member of Figure 4 and bonded to the CCP 
and PWB during soldering. Similarly, a vibration 
damper, structural reinforcement, or a Peltier-type 
cooler could be positioned and attached to the CCP 
and the PEB. Also, an electrical ground plane could 

1 05 be positioned near the interconnection preforms to 
beneficially modify theirelectronicimpedence 
characteristics similar to a microstrip board trace. 

Figure 4 shows a square peripheral array of 
interconnections. However, other patterns or arrays 

110 could also be accomplished by this invention. Any 
matrix of interconnections on a regular rectilinear 
format could be provided. Non-rectilinear or partially 
filled arrays could also be provided. 
If the interconnections are arranged sufficiently 

1 1 5 close together, a random-type interconnection 
system could be produced. In this type of system, 
since the interconnection density is much higher 
than the density of the pads on the CCP and PWB, 
then statistically there will always be at least one 

120 interconnecting preform located between each pad 
set to be interconnected. The arrangement of the 
interconnections is completely random in this type of 
holder system. This type of retaining member may 
ideally be made from a plurality of elements bonded 

1 25 together, each having at least one aperture 

therethrough. The elements, such as 31 shown in 
phantom in Figure 4, may be of uniform or random 
cross-section in orderthat they may be efficiently 
bundled and permanently or temporarily joined 

130 together such as by fusion or proper adhesive 
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material to form a sheet-like structure. In such a 
bundled configuration the retaining member 
elements may be formed by continuously extruding 
the retaining member material overthe preform, 
5 cutting the extruded composite into discrete pieces, 
bundling the axially-aligned pieces and preferably 
joining the retaining member material and then 
slicing the assembly at right angles to the axial 
alignment to make a preform placement device. 
1 0 Also shown in the configuration shown in Figure 4, 
the retaining member 22 can be ideally stamped 
from a sheet of material, or otherwise cut from sheet 
material. Quite possibly the retaining member 
fabricating process would provide for the 
15 simultaneous stamping of the holder shape and the 
central cut-out 24 and formation of the 
properly-spaced holes 26, and insertion of the solder 
preforms into the holes. Of course, it is possible that 
the production of the retaining member 22 can be 
20 achieved in a sequence of steps in which the 
retaining member with its cut-out and orientation 
surfaces is stamped from a sheet material, and 
subsequent techniques are used to form the holes 
into which the solder preforms are inserted. Other 
25 manufacturing methods such as molding or insert 
molding are within the scope of the invention. 

The retaining member 22 may be fabricated from a 
sheet or a laminate of heat-recoverable material, 
whereby the retaining member is stamped from the 
30 material sheet, the holes formed therein, and the 
solder preforms positioned within the holes. 
Subsequently, the retaining member is heated to a 
temperature sufficient to cause the material to 
recover such that the diameters of the holes 26 are 
35 reduced,butatatemperaturebelowthemelting 
point of the solder preforms. The use of a 
heat-recoverable material for the retaining 22 affords 
the advantages that the holes can be formed to a 
predefined shape, such as an hourglass, with varying 
40 diameters,suchthatthediameterofthemtddle 
section is smallerthan the diameter at the ends. 
These holes would be expanded to a uniform 
diameter larger than the diameter of the preforms so 
that the preforms can be more readily positioned in 
45 the holes, afterwhich the retaining member 22 is 
heat-recovered, causing each hole to constrict to a 
size substantially identical to the diameter of the 
preform, thus securely gripping the preform within 
the retaining member. Furthermore, the use of a 
5° heat-recoverable material affordsthe advantagethat 
in use, when heat is applied to effect the solder joint, 
such as by a solder reflow process, the firm gripping 
of the solder preforms by the heat-recovered 
retaining member material will impartthe original 
55 hourglass shape of the holes to the preform, thus 
improving theflexibility of the column-type joints, 
and in turn reducing the stresses and improving the 
reliability of the joints. 
It is also possible to further control the ultimate 
60 configu ration of the solder joint by the use of a 
heat-recoverable material in the retaining member 
22. This can be achieved by partially recovering the 
material, causing the holes to securely grip the 
preforms. Then, du ring the soldering process, 
65 sufficient heat is applied to causethe material of the 



retaining member to further recover, thereby further 
decreasing the diameter of the holes to apply a 
constrictive force onto the molten or softened 
preform. This will have a tendency to produce 

70 column joints of height greater than the thickness of 
the retaining member 22. 

While the retaining member 22 has been shown in 
Rgure4 as a perimeter configuration, it is possible 
that the retaining member can be a layer of material 

75 without any cut-outs therein, and in which the 
necessary number of solder preforms are property 
located thoughout the entire surface of the retaining 
member as necessitated by the number, location and 
configuration of the conductive pads to be joined. 

80 The preforms 28 may be made of any suitable joint 
forming material, such as solder, filled solder, 
supported solder or conductive elastomer material 
which wi I at least partially melt or soften then adhere 
to an electrically conductive element when contacted 

85 therewith and cooled. The preforms can be produced 
by any suitable technique, such as by the continuous 
extrusion of the solder material through 
appropriate-sized dies and cutting the extrudate to 
the proper lengths. The preforms may be molded. 

90 Riled solder is used to maintain the columnar 

configuration during the soldering process; particles 
of metallic or non-metallic material may be 
embedded in the solder preforms, such as shown in 
Rgure 6. For example, discrete pieces 30 of metallic 

95 material,suchaspiecesofcopper,maybe 
embedded in the solder preforms by mixing the 
particles in the composition prior to extrusion, and 
then extruding the mixture in a known fashion. As 
shown in Rgure 6, the discrete particles may be 

100 aligned along the longitudinal axis of the extrudate. 
This aligment can be achieved with appropriate 
techniques, such as the application of a magnetic 
force during the extrusion process, or simply by the 
shearing and other forces applied by the extruder on 

105 the extruding material. 

The particles mixed into the solder should have a 
melting point above the melting point of the solder, 
and good metallurgical, mechanical and electrical 
properties. In addition to copper, discussed above, 

110 fillers could include nickel, iron, and metal-coated 
high-temperature polymer or glass films with a high 
aspect ratio. These materials could be discrete 
particles orcontinuous lengths with a single strand 
or many strands in each preform. Solder could 

115 completely coatthe strands or fibers, or could be 
deposited only at the ends of inherently conductive 
fibers. Additionally, the interconnection bonding 
agent or solder could be added in a separate 
operation. Thus, continuous conductors orfiber 

120 bundles could be retained by the retaining member 
and then attachment would be accomplished by 
immersing the assembly in molten solder which will 
wick and wet the components and make the electrical 
and mechanical interconnection. 

1 25 Additionally, the particles in the filled solder may 
be oriented in any other desirable alignment, and the 
relative content of the particles in the solder 
preforms, as well as the size of the particles relative 
to the height of each preform, can be tailored to the 

130 requirements of the joints to be formed. 
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Furthermore, the surfaces of the solder preforms 
may be coated with a suitable flux, or the flux may be 
coated only on the end portions of the preform so 
that during the soldering process the flux will coat 
5 the respective contact areas on the conductive pads 
to ensure proper flow of the solder. The flux may also 
be incorporated within the preform. 

The use of the preform placement device 20 in 
mounting a chip carrier 32 to a suitable substrate, 
10 such as a circuit board 34, is illustrated in Figures7 
and 8. The retaining member 22, with the solder 
preform 28 secured therein, is positioned between 
thelowersurfaceofthechipcarrier32andthe 
opposing upper surface of the circuit board 34, and 
15 properly located so that the end portions of each 
solder preform 28 make contact with the conductive 
contacts on the chip carrier and the conducting land 
on the circuit board 34. Means may be provided for 
aligning or orienting the chip carrier32 relative to the 
20 circuit board 34, such as by providing orientation 
holes 36 in the chip carrier which are vertically 
aligned with corresponding holes 38 in the circuit 
board and holes 39 in the preform placement device 
by inserting pins through the aligned holes 36,38 
25 and 39. Other alignment or orientating means can be 
used. After the soldering process, the ends of the 
column solder preforms 28 are securely bonded to 
their respective conductive contacts and lands on the 
chip carrier 32 and the circuit board 34, as shown in 
30 Figure 8. 

Figure 4 il lustrates a flat stamped retaining 
member but, of course, the holder could be formed 
by stamping, folding or molding into a cup-shaped 
structure into which the CCP could be accurately 
35 placed. Detent features could be provided as 
pressure-sensitive or hot-melt adhesives could be 
provided within the retaining member so thatthe 
chip carrier could be preassembled to the CCP before 
application to the PWB. This subassembly could then 
40 be located to the PWB using fixtures, pick and place 
equipment, alignment features such as holes or pins, 
orthe like. Adhesives or pins could be provided in the 
center surfaces of this retaining member as 
discussed earlier with respect to Figure 4 to maintain 
45 position during the soldering or ref lowing operation. 
Figure 4 illustrates a single retaining member but, 
of course, these compomnents could conveniently 
be supplied connected together like a bandolier for 
convenient assembly packaging and application. 
50 Duringthesoldering or reflowing process, itis 
understood that suitable means will be utilized to 
maintain good contacts between the conductive 
elements on the chip carrier 32 and the circuit board 
34until the joint has solidified. Techniques for 
55 maintaining this contact are known. Another 

techniquefor providing this retaining force is shown 
inFigures9and10andcanbe incorporated into the 
retaining member for the solder preforms. 
As shown in Figure 9, an illustrative number of 
60 solder preforms 28 are disposed in holes provided in 
the retaining member 40 which ismadefromalayer 
of heat-recoverable material, and each surface is 
formed with a depression or recess 42. Formation of 
the recess 42 causes the opposite surface of the 
65 retaining member to be raised in a 



correspondingly-shaped protrusion or bump 44. The 
elevated planar surface of the protrusion 44 is coated 
with a suitable adhesive 46. The recesses 42 and the 
protrusions44vcan be conveniently formed by a 

70 stamping operation in which appropriately-shaped 
dies are pressed onto the opposed surfaces of the 
holder 40, causing recesses 42 to be formed in one 
surface and forcing the material out in the form of 
protrusion 44 on the other surface, as shown more 

75 clearly in the cross-section of Figure 10. 

Once applied between the chip carrier 32 and the 
circuit board 34, the end portions of each solder 
preforms 28 make contact with the conductive 
elements 1 0 and 1 2 on the chip carrier and circuit 

80 board, and the adhesive 46 on the surfaces of the 
protrusions 44 make contact, respectively, with the 
opposed surfaces of the chip carrier and the circuit 
board, thus holding the chip carrier to the circuit 
board. During the soldering process, the application 

85 of heat causes the heat-recoverable material of the 
retaining member 40 to recover in a known fashion, 
causing the recesses 42 and the protrusions 44 to 
revert to the flat configuration of the retaining 
member, thus pulling the chip carrier 32 toward the 

90 circuit board 34 and causing the solder to wetthe 
contact elements on each respective device. 

The shape at the recesses and protrusions shown 
in Figures 9 and 1 0 are illustrative only; other 
configurations may be equally suitable. The 

95 trapezoidal configuration of the recesses 42 and 
protrusions 44 shown in the drawings are 
particularly advantageous in that they provide a 
relatively large fiat surface onto which the adhesive 
46 may be applied, and the form of the recesses and 

100 protrusions can be easily made in the retaining 
member 40. In use, the large-area adhesive layers 
provideastronggrippingforceto the respective 
surfaces of the chip carrier 32 and the circuit board 
34, and the contractive force produced by the 

105 recovering material of the retaining member 40 
exerts sufficient force to pull the chip carrier down 
toward the circuit board 34. The shapes also aid in 
venting between chip and board. Obviously, 
adhesive can be put as well on flat retaining 

110 members, without any protrusions, simply to secure 
the device on the board and the CCP on the device 
{with or without heat-shrinking) or for vibration 
damping, etc., as discussed earlier. 
Although the solder preforms considered thus far 

11$ havebeenofslendercylindricalconfigurations, 
other shapes are equally suitable, depending upon 
the requirements of the mounting. Preforms with 
square, hexagonal or other shapes of cross-sections 
can be used. 

120 Furthermore, some examples of other 

configurations are shown in Figures 1 1 A-C, Figure 12 
and Figure 1 3. The S-shape of the preforms shown in 
Rgures 1 1 A-C provides joints of greaterflexibility 
which permit relatively large displacements between 

125 thechipcarrier32andthecircuit board 34without 
inducing undue stresses in the fixed portions of the 
joint. With the reverse S-shape preform 48 shown in 
Figure 1 1 A, a substantially large contact area is 
afforded at the upper portions of the preform making 

1 30 contact with th e co nductive pads 10and12onthe 
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chip carrier 32 and the circuit board 34. The preform 
48 is supported by two parallel-disposed holder 
layers 50 and 52. 
The S-shaped preform 54 of Figure 1 1 8 affords the 

5 same advantages as the preform 48 of Figure 1 1 A 
and, additionally, provides two probe area P and P 1 
which may be used to test for electrical continuity of 
the connection. This configuration is particularly 
advantageous when used in making connections 

10 along the periphery of the chip carrier when the 
contacts are spaced along the edges of the chip 
carrier inasmuch as the probe areas are readily 
accessible. As with the preform 48, the preform 54 is 
supported by parallel-disposed retaining member 

15 layers 50 and 52. In fabricating the preforms 48 and 
54 and positioning them into the retaining members 
50 and 52 # the preforms are initially straight elements 
which are inserted into the corresponding, vertically 
aligned holes in the retaining member layers 50 and 

20 52 and the ends are bent into the configuration 
shown in Figures 1 1 A and 1 1 B. 

The S-shaped preform 56 shown in Figure 1 1 C is 
provided in a single retaining member layer 58 
having a thickness substantially greaterthan the 

25 individual retaining member layers 50 and 52 shown 
in Figures 1 1 A and 1 1 B. Otherwise, the preform 56 
affords the same advantages as the preforms 48 and 
54. 

The preform 60 shown in Figu re 1 2 is of C-shape 

30 configuration which is suitably attached along the 
edge of the retaining member 58 by element 61 being 
inserted into the aperture in member 58. Due to its 
unique configuration the C-shape preform 60 is most 
advantageously used when disposed along the 

35 peripheral edges of the retaining member 5a The 
preform 60 provides a very substantial joint surface 
which may be used to test for electrical continuity 
between the chip carrier 32 and the circuit board 34. 
Although the preforms have been generally 

40 described as being made of filled solder the preforms 
may also be made from supported solder or from a 
continuous length of conductive material such as 
wire with filled solder or supported solder material 
located at the ends thereof for interconnection 

45 purposes. In some methods the preforms may be 
solder or conductive elastomer. These materials may 
also be a continuous strand of conductive material 
with filled solder or supported solder column located 
at the ends thereof for interconnection purposes as 

50 will be appreciated with respect to Figures 11-13. 
For example flexibility and resilience between the 
chip carrier 32 and the circuit board 34, the coiled 
spring configuration 62 shown in Figure 13 is ideal. 
The preform 62 could be readily formed by extruding 

55 the filled solder composition as a continuous 
extrudate, forming it into a coiled configuration of 
suitable spring material of desired diameter and 
length, and appropriately holding each spring 
preform within the retaining member 58. The degree 
60 of resilience afforded by the preform 62 can be 
controlled in substantially the same fashion that the 
parameters regulating the performance of 
conventional springs are controlled, such as 
controlling the diametric sizes of each turn of the 
55 spring, the length of the spring and the diameter of 



the extrudate from which the spring is made. The 
spring configuration could also be made from a 
supported solder disclosed herein. 
Since each solder preform is individually placed in 

70 a given location, the preform configuration can be 
tailored to meet the specific requirements of a 
particular joint Thus, for example, the diameter 
and/or height of the cylindrical preform at certain 
locations can be different from the preforms at other 

75 locations to meet the specific needs of the joint being 
formed. Conceivably, each joint may be unique and 
may incorporate a different solder preform. 
Additionally, it is possible to combine different 
preform configurations, such as combining the 

80 cylindrical preforms with any of the preforms shown 
in Figu res 1 1-1 3 to meet the specific needs for 
resilience and stress reduction in one or more 
particular solder joints. 
Figure 14 shows some examples of the supported 

85 solder preform embodiment of this invention. Rgure 
14Ashowsasoldercolumnsupportedbywire 
strands intheform of a wire braid 72. Figure 14D 
shows the column supported by a wire strand 82 
wrapped around the column in a spiral fashion. In the 

90 wire braid and the spiral wire wrap embodiments, 
the diameter of the column and the spacing between 
the wires are selected so that the surface tension of 
the solder used relative to the wire used will maintain 
the substantially columnarshape of the solderwhen 

95 molten. Rgure 14B shows a supported solder 
column 91 using a metal tape or ribbon 92. Figure 
14C shows thesupported solder column afterthe 
connection has been made wherein it can be seen 
that the column shape of the supported solder has 

100 been substantially maintained while the solder 
formed fillets 94 at interconnect pads 10 and 12. The 
solder in the supported solder column flows slightly 
to form the fillets and the column acts as a reservoir 
of solder which is slightly depleted as seen attlllet 95 

105 between thetapesupport This characteristic of the 
supported solder columns provides manufacturing 
process advantages as well as columns of improved 
flexibility. An example of such a tape found 
particularly useful for interconnect pads spaced on 

1 1 0 Q.050 inch centers is a copper tape 0.003 inch thick 
and 0.013 inch wide wrapped around a solder 
column 0.020 to 0.025 inch in diameterwith 0.008 to 
0.01 0 inch space between wraps of the tape. It should 
be noted that the supported solder columns may be 

115 m ade using filled solder in place of theconventional 
solder. 

The supported solder can be made by applying the 
support strand or tape to the outside of a column of 
solder, e.g. a solder wire. In this method support 

1 20 strands can be braided or wrapped around a solder 
wire and the wrapped solder wi re then cut into 
lengths to form columns of a desired dimension 
useful in this invention. Similarly a metal tape can be 
wrapped around the solder wire and the wrapped 

125 ^solder wire cutto desired lengths. The supported 
solder can also be made by dipping the preformed 
support, such as a wire braid or a spiraled wire or 
tape, in molten solder to fill the interior space in the 
support with solder then solidifying the solder. This 

130 method can likewise be done in long sections Which 
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are then cut to lengths required to form the columns 
useful in this invention. In this fashion the supported 
solder columns can be formed in situ in the retaining 
member of this invention. For example, a spiral metal 

5 tape can be placed in the apertures of the retaining 
member then fil led with molten solder, such as in 
wave soldering operation, then cooled. The 
supported solder column in the retaining means will 
then function in forming interconnections from 

1 0 which the retaining means can be removed if 

desired. Theformation of supported solder columns 
in situ could also be done simultaneously with 
assembling the electrically conductive elements, 
whereby the solder support such as a spiral metal 

1 5 tape, in the retaining means is filled and the 
connections formed atthe ends of the supported 
solder column all in one soldering operation. It has 
been found that in some cases when a solder wire is 
wrapped with a tape, it is usefu I to reflow the solder 

20 then cut the desired length columns for use in this 
invention and thereby discard any portions thereof 
that may not have sufficient solder therein. 

The interconnection preform placement device of 
the present invention provides a unique and 

25 convenienttechniquefor accurately positioning a 
plurality of preforms between a chip carrier and a 
circuit board to which the carrier is mounted. The use 
of cylindrical column preforms of solder results in 
solder joints of low bending stiffness and hence low 

30 shearstresses, which contribute to highfatigue 
resistance in the joints. The use of the 
column-shaped preform in the present invention 
ensures that the desirable column configurations 
will be retained during the soldering process and that 

35 theformedsolderjointswillbeof column shape 
having low shear stresses distributed therethrough. 

In addition to the embodiment of Figures 9 and 1 0 
described above, the interconnection preform 
placement device may have a layer of 

40 pressure-sensitive adhesive on its surfaces, with or 
without a "release** pa per or cover. This adhesive 
will maintain the device on the circuit board and the 
chip package on the device during handling prior to 
the soldering or reftowfng process. The adhesive is 

45 applied in such a way as not to interfere with the 
soldering or reflowing process. 

The retaining member may be made of a suitable 
high-temperature materia! capable of sustaining the 
heat applied during the soldering or reflowing 

50 process and be of an electrically insulating material 
to be left in place after soldering to provide an 
electrical insulator and an environmental seal. 
Alternatively, the retaining member may be made of 
material which is heat-soluble, chemically soluble, or 

55 disintegrable such that after soldering the retaining 
member can be dissolved or disintegrated and 
removed from the mounting to provide clearance for 
fluxremoval,forinstance, orforotherproceduresto 
complete the installation. 

60 It will be appreciated that whilethis invention has 
been illustrated by embodiments of slender 
cylindrical column, the devices, articles, methods 
and composition of this invention are equally useful 
to form connections between electrically conductive 

65 elements where the joint forming material need not 



be an elongate column but can be a disk, wafer or 
other configuration where the width is greater than 
the length or height such as in applications where 
compact spacing or current speed is more important 

70 than thermal cycling. It will also be appreciated that 
this invention is useful with other conventional 
processing methods, for example, the interconnect 
points on the electrically conductive elements or the 
ends of the preforms can be coated, for example, by a 

75 screening process, with a solder cream to enhance 
the formation or efficiency of the connection. 

The concepts embodied in the present invention 
may be adapted for use in attaching a chip to a chip 
carrier or a chip directly to a circuit board, or to attain 

80 leadedCCPsorhybridthick-film-typechipcarriersto 
circuit boards. Multiple preform placement devices 
or larger-scale placement devices can accommodate 
the simultaneous bonding of numerous chip carrier 
packages. Further, the interconnection preform 

85 placement device mya be placed between two circuit 
boardsto interconnect vertically the conductive pads 
of boards. 

While preferred embodiments of the invention 
have been illustrated and described, it will be 
90 appreciated that variations therefrom may be made 
without departing from the scope of the invention as 
defined in the appended claims. 

CLAIMS 

95 

1. A device forconnecting electrically conductive 
elements comprising: 

a retaining member having a plurality of apertures 
therein spaced to correspond to preselected points 

100 on the electrically conductive elements; and 

preforms of electrically conductive joint-forming 
material disposed in or supported by the apertures 
whereby the ends of the col umns are adapted to 
contact preselected points on the electrically 

105 conductive elements and wherein the electrically 
conductive joint-forming material comprises filled 
solder, supported solder or conductive elastomer 
material which substantially retains its preform 
physical shape while the solder is molten or the 

110 elastomer softens. 

2. A device according to claim 1 wherein the 
preform of electrically conductive joint-forming 
material comprises filled solder which substantially 
retains its preform physical shape while the solder is 
in a molten state. 

3. Adeviceaccordingtoclaim 1 whereinthe 
preform of electrically conductive joint-forming 
material comprises supported solder which 
substantially retains its preform physical shape 

120 while the solder is in a molten state. 

4. A device according to any one of claims 1 to 3 
wherein the preform of electrically conductive 
joint-forming material has a height dimension 
greater than its transverse cross-sectional 

^25 dimension. 

5. A device according to claim 2 wherein the filled 
solder com prises solder with in which is disposed 
discrete particles or fi laments which are of a material 
which is solid at a temperature at which the solder is 

130 molten. 
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6. Adeviceaccordingtoclaim3whereinthe 
supportforthesoldercomprisesaspiral metallic 
wire or tape. 

7. A method forforming a resilient connection 
5 between preselected points of first and second 

electrically conductive elements comprising : 

positioning a first electrically conductive element 
in alignment with one sideof a retaining member 
having apertures spaced to correspond to the 
10 preselected points onthe electrically conductive 
elements and having disposed in said aperture 
preforms of electrical ly conductive joint-forming 
material; 

effecting a bond between one end of the preforms 
15 and the preselected points on the first electrically 
conductive element; 

positioning a second electrically conductive 
element with the opposite side of the retaining 
member; and 
20 effecting a bond between the other end of the 
preforms and the preselected points on the second 
electrically conductive element 

8. A method according to claim 7 wherein the 
bonds between ends of the preforms and the 

25 preselected points on the first electrically conductive 
element and the preselected points on the second 
electrically conductive member are effected 
simultaneously. 

9. A method according to claim 7 or 8 comprising 
30 the further step of removing the retaining member 

after the preforms are bonded to both the first and 
second electrically conductive elements. 

10. A method according to claim 7 or 8 wherein 
the preforms comprise filled solder or supported 

35 solder. „ _ 

11. A solder column for forming electrical 
connections comprising : 

solder; and 

disposed in the solderafiller comprising discrete 
40 particles or filaments which are of a material which is 
solid at a temperature at which the solder is molten, 
and which are present in an amount sufficient 
substantially to maintain the column-like shape 
when the solder is molten. 
45 12. A solder column according to claim 11 
wherein thefiller comprises a metal powderor 
filament 

13. Asoldercolumnaccordingtoclaim11 
wherein thefiller comprises lengths of metal wire. 
50 14, Asoldercolumn forforming electrical 
connections comprising: 

solder; and 

disposed aboutthe outside of the solder a support 
strand or tape which is of a material which is solid at a 
55 temperature at which the solder is molten, and which 
is disposed aboutthe outside of the solder in a 
pattern whereby the column-like shape of the solder 
is substantially maintained when the solder is 
molten. 

60 15. Asoldercolumn according to claim 14 
wherei n the su pport comprises a metal wire or a 
metal tape 

16. A solder composition comprising: 

solder; and 

65 disposed in the solder a filler comprising discrete 



particles or filaments which are solid at a 
temperature at which the solder is molten, which are 
present in an amount of from 20% to 80% by weight 
based on the total weight of the solder-filled mixture, 
70 and which are of sufficient size and density 

substantially to maintain the solder in a preformed 
shape when the solder is molten. 

17. A solder composition according to claim 16 
whereinthe filler comprises metal particles or 

75 filaments. 

18. A solder composition according to claim 17 
wherein the metal comprises copper. 

19. A device for connecting electrically 
conductive elements, substantially as hereinbefore 

80 described with reference to, and as shown in. Figures 
2to3B, Figures4to8, Figures8and 10 oranyof 
Rgures 1 1Ato 13 of the accompanying drawings. 

20. A device for connecting electrically 
conductive elements, substantially as hereinbefore 

85 described with reference to, and as shown in, any 
one of Figures 14Ato 14D of the accompanying 
drawings. 
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